Background: To compare the agreement and diagnostic accuracy of vision screening conducted by trained community eye-health workers (CEHWs) and teachers with reference to vision technicians in Movva Mandal (sub-district) in Krishna District in the Indian state of Andhra Pradesh. Methods: As part of a large epidemiological study on visual impairment in children, vision screening was conducted in all the schools in a sub-district. The children were screened using a screening card with 6/12 tumbling E optotypes by trained CEHWs, teachers and a vision technician. Teachers were included if they had screened at least 100 children and had at least five children identified with visual impairment. Conclusion: There was no significant difference in the agreement and diagnostic accuracy of CEHWs and teachers compared to those of the vision technician. There was a large variability among teachers, which needs to be considered in school vision screening programs.
The World Health Organization (WHO) estimates that 12.8 million children aged from five to 15 years are visually impaired due to uncorrected refractive errors. 1, 2 In India, population-based studies conducted in urban and rural areas found that a significant proportion of visual impairment is due to uncorrected refractive errors. 3, 4 The studies among children in schools also revealed that a large proportion of visual impairment in India is correctable. 5, 6 The correction of uncorrected refractive errors is a priority under the global VISION 2020: The Right to Sight initiative and the National Programme for Prevention of Blindness (NPCB) in India. 7, 8 In India, children aged 10-14 years with uncorrected refractive errors are identified through school vision screening conducted by trained school teachers. [6] [7] [8] Children identified by the teachers are referred for further evaluation to primary eye-care centres or evaluated by ophthalmic personnel. [6] [7] [8] Vision screening in schools is a program that has been in place for several years and each year, more than one million children are screened using trained teachers under the NPCB in India. [6] [7] [8] Despite school vision screening in India and in many other parts of the world, there are no uniform screening criteria adopted for referring children for examination or refraction. The NPCB uses the visual acuity threshold of worse than 6/9, so all children who fail to identify 6/9 optotypes are referred for refraction. 7 Researchers have also suggested the use of a visual acuity threshold of worse than 6/12 for screening. [8] [9] [10] Although trained teachers are used in school vision screening programs, their diagnostic accuracy, variability in diagnostic accuracy and agreement with other categories of trained personnel are not extensively reported.
Using the worse than 6/9 threshold, a study comparing ophthalmic assistants and school teachers showed that the results of teachers had 71 per cent sensitivity and specificity of 94 per cent with 45 per cent positive predictive value and a kappa-value of 0.47. 6 Findings for the worse than 6/12 threshold have not been reported. Similarly, data on the variability of diagnostic accuracy among teachers as well as other health-care providers in vision screening of children are also not reported. Hence, this study was carried out with the objective of assessing the diagnostic accuracy, variability in diagnostic accuracy and agreement of teachers and community eye-health workers (CEHWs), with those of a one-year trained vision technician for vision screening in school children. This study is a part of a large epidemiological cross-sectional study carried out in Krishna district in the Indian state of Andhra Pradesh with the main objective to assess the prevalence and causes of blindness and low vision.
METHODS

Ethics approval
The study protocol was approved by the Institutional Review Board of the Hyderabad Eye Research Foundation and followed the tenets of the Declaration of Helsinki. Written consent was obtained from the principal in each school after explaining the importance of the study. A copy of the consent form was provided for school records.
Data collection procedures
The study was undertaken in Movva subdistrict in Krishna district in the Indian state of Andhra Pradesh, which has a total population of more than 52,000 of which 30 per cent were children as per the population census in 2011 (Figure 1) . 11 Information on the number of schools and children enrolled was obtained from the District Educational Officer. After obtaining all the due permissions, school authorities were requested to nominate one teacher from each school for vision screening of children. All the nominated teachers were invited for one day of training at a central location. Typically, 25-28 teachers were trained in each session. The content, duration, training materials and delivery methods were standardised and provided by an experienced vision technician. This training included a brief description on structures and functions of the eye, refractive errors, common eye conditions in children and vision screening procedures in children. Practical hands-on training was provided for the vision screening procedures, including common errors and precautions to be taken while conducting vision screening in children. This training is similar to that recommended by NPCB in India. 6, 8 CEHWs are personnel who have completed high school and were recruited for the project from the local area. All the CEHWs were provided with training similar to that of teachers, in addition to other procedures of the study, such as enumeration of children in the schools. Vision technicians are eye-care personnel who are trained for one year post-high school, to provide primary eye care, including a basic eye examination, refraction and dispensing of spectacles in vision centres. The vision technician was considered as the 'gold standard' against whom the school teachers and CEHWs were compared.
After the training, all the children enrolled in a given school were listed by the CEHW from the attendance registers with the help of the class teacher. After the initial listing, the forms were photocopied and provided to trained teachers and the vision technician to conduct the vision screening procedures and complete the forms.
Vision was screened using a test card with 6/12 tumbling E optotypes at a distance of three metres, by a trained CEHW, trained teacher and a vision technician independently, in ambient illumination.
The right eye was always tested first. All the children were specifically asked about the use of spectacles consistently by all three examiners prior to vision screening. Vision screening was performed with spectacles if a child reported using them. After vision screening, the child was given ready-made +2.00 D spectacles and was asked to compare and report if the optotypes were clear, blurred or appeared the same with or without +2.00 D spectacles. This binocular test was intended to identify presence of hyperopia. This test was not conducted if a child was using spectacles.
All the examinations were done in schools where separate work stations were set up for each of the three examiners. The screening process was overseen by a local co-ordinator who also ensured that all of the examiners were masked to the findings of each other. The sequence of screening by the examiners was randomised. The data collection forms were collected from the examiners immediately after the examination. All the children who either failed the vision screening or reported optotypes as clear/better when wearing the +2.00 D spectacles, and/or had any gross ocular abnormality, were referred to nearby vision centres where a free eye examination including spectacles were provided if needed. After the vision screening, the completed forms were collected by the study co-ordinator who verified the completion of forms and forwarded them for data entry.
For the study, sensitivity was defined as the ability of the teacher/CEHW to detect vision problems among those who were confirmed to have a vision problem by the vision technician (gold standard) and specificity was defined as ability of the teacher/ CEHW to classify a child as normal among those who were confirmed as normal by the vision technician (gold standard). Positive predictive value was defined as the proportion of children who were detected to have a vision problem by the teacher among those detected by the vision technician (gold standard), and negative predictive value was defined as the proportion of children who were tested as normal among those found to be normal by the vision technician (gold standard). Table 1 ).
There was a wide variation in the number of children screened by each teacher. For analysis of agreement and diagnostic accuracy of teachers, we included those teachers who had screened at least 100 children and had at least five children with visual impairment identified by the vision technician. There were 16 teachers who had screened at least 100 children. Overall, the number of children screened by these teachers was 3,034 (61.5 per cent). Although there was a difference in those who failed vision screening by vision technician versus teachers, it was not statistically significant (2 per cent [n = 62] versus 1.6 per cent [n = 47]; p < 0.13) ( Table 2) .
Of these 16 teachers, only five teachers had at least five children who failed the vision screening and were finally used to test the agreement and diagnostic accuracy with the vision technician. Table 3 shows the diagnostic accuracy of the vision technician with CEHWs and teachers. The agreement between the vision technician and CEHWs was 0.84 with a range from 0.77 to 0.9. Similarly, the overall sensitivity of CEHWs to detect vision problems was 83.3 per cent with a range from 71. 4 
For the remaining teachers, the overall agreement between the vision technician and teachers ranged from 0.67 to 1.0. Similarly, the overall sensitivity of teachers to detect vision problems ranged from 50 per cent to 100 per cent. The specificity, positive predictive value and negative predictive value were greater than 99 per cent (data not shown). When data were analysed for all the teachers (n = 79) who were involved in screening irrespective of number of children screened, the sensitivity of teachers to detect vision problems was 72.6 per cent (95 per cent CI: 61.8-81.8) and specificity was 99.9 per cent (95 per cent CI: 99.8-100). The agreement between the teachers and the vision technician was 0.81 (95 per cent CI: 0.74-0.88) (data not shown).
Vision screening by vision technician
Vision screening by community eye-health worker Community eye-health worker Fail, n (%) Pass, n (%) Fail, n (%) Pass, n (%) Total, n (%) Only teachers who screened at least 100 children are included; teachers who had at least five children with visual impairment are in bold type. Similarly, a large variation in sensitivity was found between the teachers. These results may have far-reaching consequences in school eye-health programs as teachers are currently utilised as the main workforce in both government and nongovernment vision screening programs. 6 The variation in agreement was found despite providing a standard training and standard testing conditions. This needs to be borne in mind, especially when the data from different school screening programs are collated and presented. 6, 7 Although our study is not the first to report a comparison of agreement between trained teachers and eye-care personnel, this is the first study to compare all three possible cadres of human resources that can be deployed for vision screening in a single report. The data from our study have implications in planning school eye-health programs in India. Compared to previous studies, we found a higher agreement between teachers and ophthalmic assistants (a workforce similar to the vision technician used in our study) although there were differences in age groups included in the studies. 8, 12 Several studies have reported high diagnostic accuracy of trained school teachers and non-ophthalmic personnel both in India and other countries and reported results similar to our findings 2, 8, [12] [13] [14] [15] [16] [17] [18] ( Table 4 ). There were studies that reported poor specificity. 16, 19 Some of these studies found the sensitivity of teachers screening similar to ours, 16, 17, 20 some have lower 8, 15, 19, 21, 22 and others have higher sensitivity than ours. 9 Similar findings are also reported for specificity. 2, 8, [12] [13] [14] [15] [16] [17] [18] The difference in part could be explained due to different test types (optotypes) used, different cut-off criteria for visual acuity, personnel involved in vision screening, training provided to the examiners and age groups included in the study. A recent study reported a high diagnostic accuracy of trained teachers for both 6/9 and 6/12 optotypes compared with eyecare personnel. 9 Neither of them reported the inter-teacher and inter-health worker differences in diagnostic accuracy.
Few studies have also found a variation in diagnostic accuracy based on unaided and presenting vision that was used. 16, 20 This was mainly due to the inability of the teacher to document and record the use of spectacles among children, whereas the clinical personnel documented and had done screening vision with spectacles. In regions where there is high prevalence of refractive error, vision screening with and without spectacles may give very different results. To avoid such a situation, all three examiners asked a specific question of spectacles use to each child before conducting the vision screening. Moreover, the screening by all three examiners was conducted on the same day, ruling out the likelihood of children bringing or not bringing their spectacles for vision screening by different examiners.
Our study found huge variations in diagnostic accuracy and agreement among teachers, which has several implications in our health system. It is likely that some teachers may over-refer (false positives) and some may under-refer (false negatives). However, we are unable to determine from the data the attributes of the teachers that could result in better outcomes in school vision screening programs. It is possible that several factors such as motivation, years of experience of teaching, spectacle wear and working in government or private sector schools may explain the variations in diagnostic accuracy between the teachers.
We found CEHWs who were provided with the same training had more consistent agreement and better diagnostic accuracy compared to the trained teachers. It is possible that CEHWs spend more time and screen a higher number of children regularly compared to the trained teachers. The experience gained over time may be a possible reason for more accurate results by CEHWs. Although the cost of the program in which teachers are involved would be lower compared to use of dedicated CEHWs, we did not conduct any economic analysis to prove this point.
One of the limitations of the study was that the data reflect a single sub-district from a south Indian state and it might have limited extrapolation to the entire country, as well as globally. However, a large sample size, good response rate, inclusion of all the school-aged children from age four to 15 years, and having a large number of teachers lend strength to our study, so the results could be extrapolated to a larger population. Due to the nature of the screening test, there is a possibility of missing a few eye conditions that may not cause visual impairment. This applies to all screening tests and ruling out the presence of all abnormalities is possible only with a complete eye examination. We used +2.00 D to rule out the presence of hyperopia in children; however, there is no evidence of sensitivity and specificity of this test. In conclusion, our study provided valuable insights into the diagnostic accuracy and agreement of the personnel used for vision screening, which can act as a guide for program planners involved in vision screening of children, with an aim to address the correctable visual impairment in children.
